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We study thermodynamics of a (3+1)-dimensional Schwarzschild-AdS black hole in massive grav-
ity, showing that the Hawking-Page phase transition is possible depending on mass parameters. We
also globally embed a (3+1)-dimensional Schwarzschild-AdS black hole in massive gravity into a
(5+2)-dimensional flat spacetime. Making use of embedding coordinates, we directly obtain the
Hawking, Unruh and freely falling temperatures in a Schwarzschild-AdS black hole in massive grav-
ity.
PACS numbers: 04.70.Dy, 04.20.Jb, 04.62.+v
Keywords: Schwarzschild-AdS black hole in massive gravity; global flat embedding; Unruh effect
I. INTRODUCTION
Einstein’s general relativity is a relativistic theory of gravity where the graviton is massless. Later, it has been
known that massive gravitons in a self-consistent gravity theory can be introduced by various channels [1, 2], one of
which is breaking the Lorentz symmetry of a system [3]. Recently, a nontrivial black hole solution with a Ricci flat
horizon has been found in a (3+1)-dimensional gravity with broken translational symmetry [4]. Moreover, the graviton
mass terms have been exploited to investigate many interesting models [5–11]. Accordingly, it has been noticed that
massive gravitons can yield interesting modification of black hole thermodynamics. In particular, it is well known that
there is a Hawking-Page phase transition between a Schwarzschild anti-de Sitter (AdS) black hole and a thermal gas
in AdS space [12]. Since then, there have been many studies concerning the Hawking-Page phase transitions without
massive gravitons through various models [13–18]. The modification to the behavior of a black hole by including
massive gravitons has also been considered in order to study the phase transition of black holes [5, 19, 20].
On the other hand, it has long been known that any d-dimensional Riemannian manifold can be locally isometrically
embedded in an N -dimensional flat one with N > d [21]. In this respect, it has been known that the Hawking effect
[22] may be related to the Unruh effect [23], i.e., the Hawking effect for a fiducial observer in a curved spacetime
can be considered as the Unruh effect for a uniformly accelerated observer in a higher-dimensional global embedding
Minkowski spacetime (GEMS). Starting from the works of Deser and Levin [24–26], the GEMS approach has been
used to provide a unified derivation of Unruh equivalents for Hawking thermal properties [27–40]. Moreover, a local
temperature measured by a freely falling observer has been recently introduced by Brynjolfsson and Thorlacius [41]
using the traditional GEMS method. Here, a freely falling local temperature is defined at special turning points
of radial geodesics where a freely falling observer is momentarily at rest with respect to a black hole. After the
work, we have extended the results to other interesting curved spacetimes [42–45] to investigate local temperatures
of corresponding spacetimes. However, in all these approaches, a graviton has been treated as a massless particle. In
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2order to see the effect of massive gravitons on the GEMS embeddings, we have recently studied a charged BTZ black
hole in massive gravity, showing that GEMS embedding dimensions are differently given by a mass parameter [46].
We have also obtained the generalized Hawking, Unruh, and freely falling temperatures of the charged BTZ black
hole in massive gravity.
In this paper, we will study thermodynamics describing the Schwarzschild-AdS black hole in massive gravity, and
generalize the Hawking, Unruh, and freely falling temperatures of the Schwarzschild-AdS black hole in massless case
to those in massive gravity with ansatzes in terms of the GEMS approach. In Sec. II, we will study thermodynamic
structure of the Schwarzschild-AdS black hole in massive gravity by comparing it with the Schwarzschild-AdS black
hole in massless gravity. In Sec. III, we study thermodynamic stability of the Schwarzschild-AdS black hole in
massive gravity and discuss the Hawking-Page phase transition. In Sec. IV, we present GEMS embeddings of the
(3+1)-dimensional Schwarzschild-AdS black hole in massive gravity into a (5+2)-dimensional flat spacetime and then
newly obtain desired temperatures TU and TFFAR of the black holes, which are measured by uniformly accelerated
observers and freely falling ones, respectively. Finally, conclusions are drawn in Sec. V.
II. STRUCTURE OF SCHWARZSCHILD-ADS BLACK HOLE IN MASSIVE GRAVITY
Now, we will study the following (3+1)-dimensional massive gravity with a negative cosmological constant as [4–7]
S =
1
16piG
∫
d4x
√
g
[
R− Λ + m˜2
4∑
i=1
ciUi(g, f)
]
, (2.1)
where R is the scalar curvature, Λ(= −6/l2) is the cosmological constant, m˜ is the massive parameter. In this work,
we will call it massless when m˜ is zero. ci are the constants for massive gravity, and Ui are the symmetric polynomials
of eigenvalues. Here, we take an ansatz with the reference metric fµν = diag(0, 0, c
2
0, c
2
0 sin
2 θ) that gives us U1 = 2c0/r,
U2 = 2c20/r2, U3 = U4 = 0, where c0 is a positive constant.
Then, let us consider a solution of the massive gravity (2.1) describing a (3+1)-dimensional Schwarzschild-AdS
black hole in massive gravity
ds2 = −f(r)dt2 + f−1(r)dr2 + r2(dθ2 + sin2 θdφ2) (2.2)
with the metric function
f(r) = 1− 2m
r
+
r2
l2
+ 2Rr + C, (2.3)
where R = c1m˜
2/4 and C = c2m˜2 are mass parameters in massive gravity. This spacetime is asymptotically described
by the AdS. However, the vacuum solution with m = 0 is not an AdS unless m˜ = 0 (i .e. R = C=0) in Eq. (2.1). Since
the event horizon is determined by f(r)|r=rH = 0, the mass m can be written in terms of the event horizon rH as
m(rH) =
rH
2
+
r3H
2l2
+Rr2H +
CrH
2
. (2.4)
The features of f(r) and m(rH) are depicted in Fig. 1.
Then, the Bekenstein-Hawking surface gravity [47] is given by
kH = −1
2
(∇µξν)(∇µξν)|r=rH =
1
2r3H l
2
(
r2H l
2 + 3r4H + 4Rr
3
H l
2 + Cr2H l2
)
, (2.5)
where ξµ is a Killing vector. As a result, the Hawking temperature TH , which is the temperature of the radiation as
measured by an asymptotic observer, is given by
TH =
kH
2pi
=
1 + C
4pirH
+
3rH
4pil2
+
R
pi
. (2.6)
In Fig. 2(a), we have drawn the Hawking temperature for the Schwarzschild-AdS black hole in the massive gravity,
compared with the case of the massless gravity. The Hawking temperature in the massive gravity has a minimum at
rH = rm = l
√
(1 + C)/3 for the case of C > −1. As shown in Fig. 2(b), when C = −1, the Hawking temperature
is a straight line having a minimum value R/pi at rH = 0. When C < −1, since the first term in Eq. (2.6)
has a minus sign, the Hawking temperature monotonically decreases as rH decreases, and finally becomes zero at
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FIG. 1: For the Schwarzschild-AdS black hole in massive gravity, (a) metric function with m = 100, l = 1, R = 5, and C = 1, and
(b) mass function m(rH) with l = 1, R = 5, and C = 1. For comparison, metric and mass functions for the Schwarzschild-AdS
black hole in massless gravity are drawn by dashed lines with l = 1, R = 0, and C = 0.
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FIG. 2: (a) Hawking temperature for the Schwarzschild-AdS black hole in massive gravity with l = 1, R = 5, and C = 1. The
dashed line is for the Schwarzschild-AdS black hole in massless gravity. (b) Hawking temperature for the Schwarzschild-AdS
black hole in massive gravity with negative C: the solid (dashed) line is for C = −1 (C = −10) with l = 1, R = 5.
rH = r0 =
2
3Rl
2
(√
1− 3(1+C)4R2l2 − 1
)
. In short, the Hawking temperature in the massive gravity can be classified by
the values of C and R: when C > −1, the Hawking temperature behaves as like the Schwarzschild-AdS black hole
in the massless gravity. When C = −1, the Hawking temperature is a straight line, and when C < −1, the Hawking
temperature becomes a monotonically decreasing function as rH decreases. Additionally, R just shifts the Hawking
temperatures vertically up and down.
Furthermore, a local fiducial temperature, measured by an observer who rests at a distance from a black hole, is
given by
TFID(r) =
TH√
f(r)
. (2.7)
Note that the fiducial temperature TFID diverges at an event horizon of a black hole, while TFID goes to zero far away
from the black hole.
III. THERMODYNAMIC STABILITY
Now, let us study thermodynamic stability by considering hear capacity. For the case of the Schwarzschild-AdS
black hole in the massive gravity, the heat capacity is given by
Cp =
dm
dTH
=
2pir2H
[
3r2H + (1 + 4RrH + C)l2
]
3r2H − (1 + C)l2
, (3.1)
where m(rH) is given by (2.4). The heat capacity is drawn in Fig. 3(a), comparing to the Schwarzschild-AdS
black hole in the massless gravity depicted by a dashed line. Here, one can see that the heat capacity blows up at
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FIG. 3: (a) Specific heat for the Schwarzschild-AdS black hole in massive gravity with l = 1, R = 5, and C = 10. The dashed
line is for the Schwarzschild-AdS black hole in massless gravity with l = 1, R = 0, and C = 0. (b) Specific heats for the
Schwarzschild-AdS black hole in massive gravity with l = 1, R = 5, C = −1 (solid line) and C = −10 (dashed line).
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FIG. 4: (a) On-shell free energy for the Schwarzschild-AdS black hole in massive gravity with l = 1, R = 5, and C = 1. Here,
the dashed line is for the Schwarzschild-AdS black hole in massless gravity. (b) Free energies for the Schwarzschild-AdS black
hole in massive gravity with l = 1, R = 5, C = −1 (solid line) and C = −10 (dashed line).
rH = rm = l
√
(1 + C)/3. Moreover, when rH > rm, the black hole in the massive gravity is stable since Cp > 0, while
when rH < rm, it is unstable since Cp < 0. As shown in Fig. 3(b), when C = −1 (C < −1), it is stable in the range
of rH > 0 (rH > r0).
On the other hand, the on-shell free energy Fon for the Schwarzschild-AdS black hole in the massive gravity is
obtained as
Fon = m(rH)− THSH =
rH
[
(1 + C)l2 − r2H
]
4l2
, (3.2)
where the Bekenstein-Hawking entropy derived from the first law of thermodynamics is given by SH = pir
2
H . Note that
the sign of the free energy changes at rH = rHP = l
√
1 + C, where a Hawking-Page phase transition [12, 13, 16–18]
occurs. The free energy is positive for small black holes with rH < rHP and negative for large black holes with
rH > rHP . On the other hand, when C ≤ −1, there is no phase transition. These are drawn in Fig. 4(a) and 4(b).
Moreover, we draw in Fig. 5 the on-shell and off-shell free energies of the Schwarzschild-AdS black holes in the
massive gravity, showing where a phase transition occurs. In the figure, off-shell free energy is defined as
Foff = m(rH)− TSH , (3.3)
where T is an external temperature of heat reservoir to control phase transitions [12, 13, 16–18]. When T < Tm
where Tm is the minimum temperature at rH = rm, there are no black holes but pure thermal radiation. When
T = Tm, there exists a single unstable black hole which would decay into pure thermal radiation. When T = THP ,
the Hawking-Page phase transition from a hot thermal space to a black hole occurs [12, 13, 16–18]. When T > THP ,
there is a large black hole which is stable, while a small black hole is unstable so that large black hole states are
preferred above THP .
In Fig. 6, we plot the on-shell free energies of the Schwarzschild-AdS black hole in the massive gravity with respect
to the Hawking temperatures by varying (C, d), which show us the typical shapes of a first-order phase transition,
where d is a dimensionless parameter defined by d = RrH . In the figure, the upper surface of Fon > 0 corresponds to
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FIG. 5: On-shell (solid line) and off-shell (dashed-line) free energies of the Schwarzschild-AdS black hole in massive gravity
with l = 1, R = 5, and C = 1, where Tm is the minimum temperature at rH = rm and THP the Hawking-Page phase transition
temperature. Here, Tm = 1.98140 and THP = 2.04171.
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FIG. 6: Free energy F versus the Hawking temperature TH : the Schwarzschild-AdS black holes in massive gravity are plotted
(a) by varying C with d = 5, l = 1, and (b) by varying d with C = 5, l = 1.
unstable small black hole states, and the left side longitudinal surface corresponds to large black hole states. Thick
curves represent the free energies for (C, d) = (0, 5) in Fig. 6(a) and for (C, d) = (5, 0) in Fig. 6(b).
IV. LOCAL TEMPERATURES OF THE SCHWARZSCHILD-ADS BLACK HOLE IN MASSIVE
GRAVITY
Now, exploiting the GEMS approach given by the coordinate transformations for r ≥ rH , we can embed the
(3+1)-dimensional Schwarzschild-AdS in the massive gravity (2.2) into a (5+2)-dimensional flat spacetime as
ds2 = ηIJdz
IdzJ , with ηIJ = diag.(−1, 1, 1, 1, 1, 1,−1), (4.1)
where the embedding functions are found to be
z0 = k−1H f
1/2(r) sinh kHt,
z1 = k−1H f
1/2(r) cosh kH t,
z2 = r sin θ cosφ,
z3 = r sin θ sinφ,
z4 = r cos θ (4.2)
6with
z5 =
∫
dr
l
(1 + 4RrH + C)l2 + 3r2H
(
((l2 + r2H)
2 + l4(f1 + Cf2))rHn1
r3(n1 + l2 + l2k)
)1/2
,
z6 =
∫
dr
1
(1 + 4RrH + C)l2 + 3r2H
(
(n2 + l
4(f1 + Cf2))(n1 + 2Rl2(r + rH)) + 4r2H l6(f3 + Cf4)
n1 + l2 + l2k
)1/2
, (4.3)
when C > 0, and
z5 =
∫
dr
l
(1 + 4RrH + C)l2 + 3r2H
(
l2((l2 + r2H)
2 + l4f1)rHn1
r3(n1 + l2 + l2k)
+
Cl4f2(n1 + 2Rl2(r + rH)) + 4Cr2H l6f4
n1 + l2 + l2k
)1/2
,
z6 =
∫
dr
1
(1 + 4RrH + C)l2 + 3r2H
( Cl4rHf2n1
r3(n1 + l2 + l2k)
+
(n2 + l
4f1)(n1 + 2Rl
2(r + rH)) + 4r
2
H l
6f3
n1 + l2 + l2k
)1/2
, (4.4)
when C < 0. Here, we have defined the functions associated with z5 and z6 as follows
k = 2R(r + rH) + C,
f1 = 8RrH(1 + 2RrH +
3r2H
l2
) + C2,
f2 = 2(1 + 4RrH +
3r2H
l2
),
f3 =
4Rr2H
l2r
+
RrH(l
2 + 5r2H)(r + rH)
l2r3
+
R2(r2 + 3r2H)(r + rH)
r3
+
C2((1 + 4RrH)l2 + 3r2H)
2r2H l
2
,
f4 =
rH(r
2 + rHr + r
2
H)
l2r3
+
RrH(r + rH)
r3
+
((1 + 4RrH)l
2 + 3r2H)
2
4r2H l
4
+
C2
4r2H
,
n1 = r
2 + rHr + r
2
H ,
n2 = l
4 + 10r2H + 9r
4
H . (4.5)
For the trajectories, which follow the Killing vector ξ = ∂t, we can obtain a constant 4-acceleration as
a4 =
2r3 + r3H + (1 + C)l2rH + 2Rl2(r2 + r2H)
2lr [r(r − rH)((1 + C)l2 + r2 + rHr + r2H + 2Rl2(r + rH))]1/2
. (4.6)
In static detectors (θ, φ, r = const) described by a fixed point in the (z2, z3, z4, z5, z6) plane, an observer, who is
uniformly accelerated in the (5+2)-dimensional flat spacetime, follows a hyperbolic trajectory in (z0,z1) described by
a proper acceleration a7 as follows
a−27 = (z
1)2 − (z0)2 = 4r
2
H l
2(r − rH)[r2 + rHr + r2H + (1 + C)l2 + 2R(r + rH)l2]
r[3r2H + (1 + 4RrH + C)l2]2
. (4.7)
Thus, we arrive at the Unruh temperature for a uniformly accelerated observer in the (5+2)-dimensional flat spacetime
TU =
a7
2pi
=
r1/2[3r2H + (1 + 4RrH + C)l2]
4pirH l(r − rH)1/2[r2 + rHr + r2H + (1 + C)l2 + 2R(r + rH)l2]1/2
. (4.8)
This is exactly the same with the fiducial temperature TFID in Eq. (2.7) with TH being the Hawking temperature
measured by an asymptotic observer. As a result, one can say that the Hawking effect for a fiducial observer in the
black hole spacetime is equal to the Unruh effect for a uniformly accelerated observer in a higher-dimensional flat
spacetime.
Here, it is appropriate to comment on GEMS embeddings of a Schwarzschild black hole in the massive gravity,
which can be obtained in the limit of l2 →∞ as
z0 = k−1H f
1/2(r) sinh kHt,
z1 = k−1H f
1/2(r) cosh kH t,
z2 = r sin θ cosφ,
z3 = r sin θ sinφ,
z4 = r cos θ (4.9)
7with
z5 =
∫
dr
1
(1 + 4RrH + C)
(
(1 + f∞1 + Cf∞2 )rHn1
r3(1 + k)
)1/2
,
z6 =
∫
dr
1
(1 + 4RrH + C)
(
2(1 + f∞1 + Cf∞2 )R(r + rH) + 4r2H(f∞3 + Cf∞4 )
1 + k
)1/2
, (4.10)
when C > 0, and
z5 =
∫
dr
1
(1 + 4RrH + C)
(
(1 + f∞1 )rHn1
r3(1 + k)
+
2Cf∞2 R(r + rH) + 4Cr2Hf∞4
1 + k
)1/2
,
z6 =
∫
dr
1
(1 + 4RrH + C)
(Cf∞2 rHn1
r3(1 + k)
+
2(1 + f∞1 )R(r + rH) + 4r
2
Hf
∞
3
1 + k
)1/2
, (4.11)
when C < 0. The factors kH and f(r) in the embedding coordinates z0, z1 in Eq. (4.9) are understood to be modified
by the same limit of l2 →∞, and the functions involved in z5 and z6 are likewise given as
f∞1 = 8RrH(1 + 2RrH) + C2,
f∞2 = 2(1 + 4RrH),
f∞3 =
R2(r2 + 3r2H)(r + rH)
r3
,
f∞4 =
RrH(r + rH)
r3
+
(1 + 4RrH)
2
4r2H
+
C2
4r2H
. (4.12)
Therefore, regardless of the sign of C, one can see that a (3+1)-dimensional Schwarzschild black hole in the massive
gravity is embedded into the same (5+2)-dimensional flat spacetimes. Note also that in the limit of both C → 0 and
R → 0, the timelike embedding coordinates z6 in Eqs. (4.10) and (4.11) become zero, respectively. As a result, the
(5+2)-dimensional flat spacetimes in the massive Schwarzschild black hole are reduced to the (5+1)-dimensional flat
ones in the massless Schwarzschild black hole exactly [26, 28, 41, 42].
Now, we assume that an observer at rest is freely falling from the radial position r = r0 at τ = 0 [41–45]. The
equations of motion for the orbit of the observer are given by
dt
dτ
=
√
f(r0)
f(r)
,
dr
dτ
= −[f(r0)− f(r)]1/2. (4.13)
Exploiting Eqs. (4.2), (4.3) for C > 0 (or, (4.4) for C < 0) and (4.13), we obtain a freely falling acceleration a¯7 in the
(5+2)-dimensional GEMS embedded spacetime
a¯27 =
[(r + rH)(r
2
H + l
2(1 + 2RrH + C))− 2rHr2][(r2 + r2H)(r2H + l2(1 + 2RrH + C)) + 2rHr2(r + rH) + 4RrHr2l2]
4r2Hr
3l2[l2(2R(r + rH) + 1 + C) + r2 + rHr + r2H ]
,
(4.14)
which gives us the temperature measured by the freely falling observer as
TFFAR =
a¯7
2pi
. (4.15)
With previously defined d = RrH , by introducing the following dimensionless parameters
x =
rH
r
, c =
l
rH
, (4.16)
with 0 < x ≤ 1, the squared freely falling temperature T 2FFAR becomes
T 2FFAR =
g(x, c, C, d)
16pi2r2Hc
2[1 + x+ (1 + c2)x2 + 2c2d(1 + x)x+ Cc2x2] , (4.17)
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FIG. 7: Freely falling temperature for the Schwarzschild-AdS black hole in massive gravity (a) by varying C with d = 0.1, and
(b) by varying d with C = 1. Note that in (a) the dashed line is for C = −1. Thick curves represent freely falling temperatures
for (C, d) = (0, 0.1), (1, 0).
where
g(x, c, C, d) = −4(1 + x+ 2c2dx) + (1 + c2 + 2c2d+ Cc2)(5 + c2 + 2c2d+ Cc2)x2
+(1 + c2 + 2c2d+ Cc2)2(1 + x+ x2)x3 + 4c2d(1 + c2 + 2c2d+ Cc2)(1 + x)x2. (4.18)
The ratio of the squared freely falling temperature for the Schwarzschild-AdS black hole in the massive gravity to
the squared Hawking temperature is plotted in Fig. 7. Note that the freely falling temperatures are finite at the
event horizons and in particular, in Fig. 7(a), the freely falling temperature shows up when C > −1. One can also
see that the graviton mass effect of (C, d) on the freely falling temperatures is increased as the freely falling observer
approaches to the event horizon. Moreover, the squared freely falling temperatures near the event horizon are more
enhanced when (C, d) are relatively small.
The freely falling temperature (4.17) can be further simplified in the two interesting limit: at the spatial infinity
r → ∞ (x → 0) and at the event horizon r = rH (x = 1). At the spatial infinity of x → 0, one obtains imaginary
temperature as
T 2FFAR = −
1
4pi2l2
< 0, (4.19)
which is allowed for a geodesic observer who follows a spacelike motion similar to the case of the Schwarzschild-AdS
black hole in the massless gravity [24, 41, 42]. On the other hand, at the event horizon x = 1, one obtains
T 2FFAR =
c2(1 + 2d+ C)
4pi2l2
. (4.20)
It seems appropriate to comment that the freely falling temperatures are finite at the event horizon, but become
hotter (colder) in the massive gravity with the condition 2d + C > 0 (2d + C < 0) than in the massless gravity with
d = C = 0.
On the other hand, by taking the limit of l2 → ∞ in Eq. (4.17), one can find the freely falling temperature of a
Schwarzschild black hole in the massive gravity as
T 2FFAR =
x[(2d(1 + 2d+ C) + (1 + 2d+ C)2)(1 + x) + (1 + 2d+ C)2(x2 + x3)]
16pi2r2H [2d+ (1 + 2d+ C)x]
, (4.21)
which is plotted in Fig. 8 by a ratio of the squared freely falling temperature to the squared Hawking temperature.
In the limit of C = 0 while keeping d 6= 0, the temperature becomes
T 2FFAR =
x[(2d(1 + 2d) + (1 + 2d)2)(1 + x) + (1 + 2d)2(x2 + x3)]
16pi2r2H [2d+ (1 + 2d)x]
, (4.22)
which is drawn in Fig. 8(a) with a thick curve. In the limit of d = 0 with keeping C > −1 except C = 0, we have
T 2FFAR =
(1 + C)(1 + x+ x2 + x3)
16pi2r2H
> 0, (4.23)
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FIG. 8: Freely falling temperature for the Schwarzschild black hole in massive gravity (a) by varying C with d = 0.1, and (b)
by varying d with C = 1. Thick curves represent freely falling temperatures for (C, d) = (0, 0.1), (1, 0).
which behaves like the Schwarzschild-AdS black hole in the massless gravity [41, 42]. In Fig. 8(b), we have depicted
a thick curve which is for d = 0 with C = 1. In the limit of both d = 0 and C = −1, we have
T 2FFAR = 0. (4.24)
Moreover, in the case of C < −1 with d = 0, we have
T 2FFAR =
(1 + C)(1 + x+ x2 + x3)
16pi2r2H
< 0, (4.25)
which is also allowed for a geodesic observer who follows a spacelike motion for the case of the Schwarzschild black
hole in the massive gravity as expected. On the other hand, in the massless case of both C = 0 and d = 0, one can
easily obtain from Eq. (4.21)
T 2FFAR =
1 + x+ x2 + x3
16pi2r2H
, (4.26)
which is just the squared freely falling temperature of the Schwarzschild black hole in the massless gravity [41, 42].
V. DISCUSSION
In summary, we have studied thermodynamics of a (3+1)-dimensional Schwarzschild-AdS black hole in massive
gravity in comparison with the one in massless gravity. As a result, we have seen that when C > −1, Hawking
temperature, specific heat, and free energies in the Schwarzschild-AdS black hole in massive gravity show similar
behaviors with those in massless gravity. We have also shown in this case that there exists the Hawking-Page phase
transition from thermal radiation to black hole state. However, when C = −1, Hawking temperature is linearly
proportional to rH , and when C < −1, it is monotonically decreasing as rH decreases. Even though these two cases
are thermodynamically stable, their behaviors are different from the case of C > −1, and there are no Hawking-Page
phase transitions.
On the other hand, we have also globally embedded a (3+1)-dimensional Schwarzschild-AdS black hole in massive
gravity into a (5+2)-dimensional flat spacetime. Making use of the embedded coordinates, we have directly obtained
the Hawking, Unruh, and freely falling temperatures in a Schwarzschild-AdS black hole in massive gravity and have
shown that the Hawking effect for a fiducial observer in a curved spacetime is equal to the Unruh effect for a uniformly
accelerated observer in a higher-dimensionally embedded flat spacetime. Moreover, we have shown that in the limit
of l2 → ∞, the GEMS embeddings become a (5+2)-dimensional flat spacetime of a Schwarzschild black hole in
massive gravity, and furthermore in the massless limit of C → 0 and R → 0, they are reduced to the well-known
(5+1)-dimensional flat spacetime. We have also obtained their corresponding freely falling temperatures in these
limiting cases. Finally, we have found that freely falling temperatures are finite at the event horizon, but become
hotter (colder) in massive gravity with the condition 2d+ C > 0 (2d+ C < 0) than in massless gravity with d = C = 0.
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